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Abstract
Holographic inflation posits that the inflationary deSitter era of our universe is ap-
proximately described by a dual three-dimensional Euclidean CFT living on the spatial
slice at the end of inflation. We point out that the BICEP2 results determine the central
charge of this putative CFT to be given by CT = 1.2× 109.
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1. Introduction
String theory on anti-deSitter space (AdS) and near-AdS is known to have a dual
description in terms of a conformal field theory (CFT) or near-CFT living on a holographic
plate at the boundary of AdS [1]. One hopes this compelling holographic relation could
apply to the real world. Unfortunately, our universe does not resemble AdS. It may however
resemble its close cousin deSitter space (dS) at both late and early times. It is therefore
of special interest to understand holographic duality for dS.
These considerations motivated the proposal [2-4] (recent discussions include [5-12])
that the inflationary era of our universe has a dual description in terms of a 3D near-CFT3
living on a Euclidean holographic plate stationed at the end of inflation. dS-invariance
of the inflationary geometry is equivalent to conformal invariance of the CFT3. Every
4D bulk field in the inflationary era is dual to an operator in this CFT3, and correlation
functions of bulk fields are given by CFT3 correlation function of the dual operators. These
correlation functions are in fact what is measured in the sky, so the astronomical data is
close to that which naturally characterizes the CFT3.
Every CFT3 has a traceless conserved three-dimensional stress tensor Tij . The two
point function of this stress tensor is fixed by conformal symmetry to be [13]
〈Tij(~x)Tkl(0)〉 = CT|~x|6 Iij,kl(~x) , (1.1)
with
Iij,kl =
1
2
(IikIjl + IilIjk)− 1
3
δijδkl . Iij(~x) = δij − 2xixj
x2
. (1.2)
The number CT here is referred to as the central charge and characterizes the number of
degrees of freedom of the CFT3.
3
The main purpose of this paper is simply to point out that BICEP2 has made a direct
measurement of the central charge CT for the CFT3 dual of inflation. This comes about
because the holographic dictionary relates correlators of the 4D metric to correlators of
the CFT3 stress tensor. We will find that
CT = 1.2× 109 . (1.3)
In previous work, data on the scalar mode fluctuations and their tilt was translated
into various CFT3 operator dimensions and beta functions [3,14,15] and absence of non-
gaussianities used to bound three-point functions [4]. BICEP2 now provides us with im-
portant information about a central number characterizing the CFT.
3 For a theory with N free scalar fields CT = 3N/32pi
2.
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While there has been good recent progress on 4D toy models [16], there is no complete
detailed proposal on the table for what this CFT3 might be in the real universe: rather
its properties are deduced from measurement. Knowing the complete CFT3 would be
tantamount to knowing every detail of inflation. This is not, in our opinion, something
we can realistically strive for. However in the absence of such a complete description,
the existence of a holographic description of inflation is practically a tautology: nearly
any collection of equal-time dS-invariant correlation functions can be defined to be those
of some CFT3.
4 This raises the question: What is holographic inflation good for on the
observational front? Here are several possible answers:
• Nothing.
• The data characterizing a particular CFT3 - central charge, operator dimensions,
etc. - is very different than that characterizing a particular model of inflation - the
number of inflatons, their potentials, etc. This reorganization of the data could
lead to conceptual insights. In particular, what is natural in one formulation is
not necessarily natural in another and vice versa [2]. The reorganization may
also be useful simply as a computational strategy, for example the analyses of
non-gaussianities in [4] or relations among inflationary parameters [3].
• All ordinary models of inflation assume the existence of a local quantum field
theory weakly coupled to gravity and some kind of inflaton. It is not obvious
that this need to be the case. Indeed the proximity of the inflation scale to the
Planck or string scales raises the possibility that the scales may not really be
separated. Moreover the necessity of an inflaton whose shift exceeds the Planck
scale [18] seems problematic. Holographic inflation assumes only the symmetries,
and not the existence of a weakly-coupled quantum field theory local on scales
much shorter than the dS radius. In this sense it is more general than the usual
inflationary models, while still fully capturing the symmetry (breaking) structure
largely responsible for the phenomenological success of those models.
In section 2 we recap the basic result of BICEP2. In section 3 we describe holographic
inflation in a little more detail, in particular the precise relation between 4D metric corre-
lators and 3D stress tensor correlators, and derive the result for the central charge.
4 This was spelled out in a Hamilton-Jacobi formalism in [3]. Note that one does not demand
the usual ’good’ properties of the CFT3 such as unitarity. Indeed it is known that the CFT3
cannot be unitary [17]. Demanding special properties of the CFT3 would certainly constrain the
structure of inflation.
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2. Measuring quantum correlations of the metric
During the inflationary era the spacetime geometry is well approximated by the dS
metric
ds2 = −dt2 + e2Htδijdxidxj . (2.1)
For H ≪ 1
tp
, where tp =
√
8πGh¯ is the Planck time (in units where c = 1), quantum
fluctuations of the metric are small and the free field approximation can be applied. We
take the end of inflation to be at t = 0. We are interested in the transverse traceless modes
δT gij ≡ ψij , ∇iψij = δijψij = 0 , (2.2)
which correspond to physical gravity waves. It is conventional and convenient to transform
to spatial momenta ~k,
ψij(~x) =
∫
d3k
(2π)3
ei
~k·~xψij(~k) , (2.3)
where the time argument is fixed to t = 0. We introduce a complex polarization vector ei
such that
eik
i = 0 , δijeiej = 0 , δ
ijeie¯j = 1 , (2.4)
where bar here and herafter denotes complex conjugation. We may then expand
ψij(~k) = ψ(~k)eiej + ψ¯(~k)e¯ie¯j . (2.5)
The single complex scalar ψ represents the two polarization modes of the graviton. The
two point function of ψij is determined by the SO(4, 1) dS invariance together with the
demand that it have the standard short-distance singularity [19]
〈ψ(~k)ψ¯(~k′)〉 = (2π)3δ(~k − ~k′)1
2
Pt(k) , (2.6)
with the power spectrum
Pt(k) =
4(Htp)
2
|k|3 ≡
2π2
|k|3At , (2.7)
where the dimensionless amplitude is
At = 2
(
Htp
π
)2
. (2.8)
These correlated, polarized metric fluctuations are present at the end of inflation and
lead to correlated polarizations in the CMB, with amplitudes proportional to Pt. Recently,
the latter correlations were directly measured [20] and found to imply via (2.7)
At = 5× 10−10. (2.9)
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Equivalently, the Hubble constant of inflation is
Htp = 5× 10−5. (2.10)
3. Holographic Cosmology
A variety of theoretical investigations have suggested that a consistent quantum the-
ory of gravity in a spacetime M should have a fully equivalent “holographically dual”
description in terms of a quantum field theory which lives on a “holographic plate” at the
boundary of M . This is known to be true in some special string theoretic examples, but
the more general situations, including the cosmological context, are very far from under-
stood. In this section we will give a nontechnical description of the holographic approach
to cosmology, and present a few essential formulae. We refer the reader to [21] for a cogent
recent discussion of the holographic dictionary for dS, and to [22]5 where this dictionary
was fully developed in the context of inflation.
We begin with the simplest case of pure dS. The holographic description of positively
curved dS [17,23] was inspired by that of its negatively curved cousin, AdS. In certain
string theoretic examples, quantum gravity in AdS is known to have a holographically
dual description in terms of a CFT living on a “holographic plate” at its boundary at
spatial infinity. The conformal symmetries of the CFT are dual to the isometries of AdS.
The radial direction in AdS is holographically emergent and corresponds to RG flow in the
boundary CFT.
How would this work in dS? This simplest guess is that the holographic plate lives on
the spatial R3 slice at future infinity, and time is the holographically emergent direction.
This makes sense because the isometries of dS act as the conformal group on its future R3
boundary, and because the holographically emergent direction should be the expanding
one. Initial discussions of dS holography were plagued by the absence of any concrete toy
examples to flesh it out. However recently [16] a solvable higher-spin example of 4D dS
holography has been constructed, so we at least know that dS holography is mathematically
self-consistent.
Holographic dualities involving near-AdS spacetimes have also been understood in
string theory. The structure is similar to exact AdS, the main difference being that the
quantum field theory that lives on the boundary is nearly but not exactly conformally
5 In addition to the formula for the central charge given herein, these authors relate the spectral
tilt and slow-roll expansion parameters to operator dimensions and beta-functions of the dual field
theory.
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invariant. Since the inflationary era is nearly but not exactly dS (with the deviation
measured by the spectral tilt), the dual theory must be a near-CFT3. We can think of it
as a CFT3 perturbed by nearly marginal operators. Since the inflationary era is nearly
SO(4, 1) invariant, the quantum field theory dual to the inflationary era should be nearly
conformally invariant. The holographic plate is taken to be the end of inflation.
The holographic dictionary relating 4D bulk dS quantities to 3D boundary CFT3
quantities can be stated in a variety of formalisms. A particularly elegant one [4,21] begins
with the Wheeler-deWitt wave function of the universe Ψ[Φα(~x))], where Φα denotes all the
fields such as the metric, inflaton and matter fields on a spatial slice which will be chosen
to be holographic plate t = 0 at the end of inflation. A particular “Hartle-Hawking” wave
function ΨHH is schematically defined by a path integral
ΨHH [Φα(~x)] =
∫
D[Φα(~x, t)]eiS[Φα] . (3.1)
On the right hand side, ingoing Hartle-Hawking boundary conditions are taken in the far
past, while at t = 0, Φα(~x, 0) is constrained to take the value Φα(~x). Of course expressions
like this are notoriously difficult to define for many reasons. However here we are interested
only in quadratic metric fluctuations about dS so these problems will not bother us. For
every field Φα, there is a dual operator Oα in the CFT3. The dictionary is then simply
that the Hartle-Hawking wave function is the generating function of the CFT3 correlators,
i.e.
ΨHH [Φα(~x)] = 〈e
∑
α
∫
d3xΦαO
α〉 . (3.2)
Let us now evaluate the explicit expression for stress tensor correlator. This CFT3
operator is dual to the metric. With the standard 3D normalization
Tij = − 2√−g
δS3
δgij
, (3.3)
the right hand side of (3.2) becomes
〈e− 12
∫
d3xψijT
ij 〉 = 〈e− 12
∫
d3x(ψT¯+ψ¯T )〉 = 〈e−
1
2(2pi)3
∫
d3k(ψT¯+ψ¯T )〉 . (3.4)
The arguments of the last integrand are in momentum space where
T (~k) = Tij(~k)e
iej , (3.5)
and we have used the metric components defined in (2.5).
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To evaluate the left hand side of (3.2) we use the formula (2.6) for the equal-time
graviton propagator in dS
〈ψ(~k)ψ¯(~k′)〉 =
∫
D[ψ]ψ(~k)ψ¯(~k′) |Ψ[ψ]|2∫
D[ψ] |Ψ[ψ]|2 = (2π)
3δ(~k − ~k′)1
2
Pt(k) , (3.6)
using the notation introduced in (2.6). It follows that
ΨHH [ψ] ∼ e−
∫
d3k
(2pi)3Pt(k)
ψ(~k)ψ¯(~k) ∼ Z[ψ] , (3.7)
up to ψ-independent normalizations which will cancel. Since Z[ψ] is the generating function
of the T correlators in the CFT3 we have
〈T (~k)T¯ (~k′)〉 = 4(2π)
6
Z
δ2Z[ψ]
δψ¯(~k)δψ(~k′)
= (2π)3δ(~k − ~k′) 4
Pt(k)
. (3.8)
Transforming back to position space and restoring the indices on T gives
〈Tij(~x)Tkl(0)〉 = CT|~x|6 Iij,kl(~x) , (3.9)
with Iij,kl given in (1.2) and
CT =
48
π4At
=
24
(πHtp)2
. (3.10)
The measured value of At (2.9) then gives the value (1.3) of the central charge as claimed
in the introduction.
Applying the formula (3.10) to our future dominated by dark energy we find CT =
10121. The enormous value of this central charge is the manifestation of the cosmological
constant problem in the holographic description of the universe.
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